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An eleclrophoretic display and a metbod and apparatus for driving an electrophoretic display 



This invention relates to an electrophoretic display comprising an 
electtophoietic material comprising charged particles in a fluid, a plurality of picture 
elements, first and second electrodes associated with each picttne element for receiving a 
potential difference, the charged particles being able to occupy a position being one of a 
plurality of positions between the electrodes, and drive means arranged to siqjply a sequence 
of picture potential differences in the form of a driving waveform for enabling the charged 
particles to occv^y one of the positions for displaying an una^. 



10 An electrophoretic display comprises an electrophoretic medium consisting of 

charged particles in a fluid, a plurality of picture elements (pixels) arranged in a matrix, first 
and second electrodes associated with each pixel, and a voltagp driver for applying a 
potential difference to the electrodes of each pixel to cause it to occupy a position between 
the electrodes, depending mi ihe value and duration of the appUed potential difference, so as 

15 to display a picture. 

In more detail, an electrophoretic display device is a matrix display with a 

matrix of pixels which area associated with intersections of crossing data electrodes and 

select electrodes. A grey level, or level of colourisation of a pixel, depends on the time a 

drive voltage of aparticular level is present across tiie pixel. Dependent on the.polarity of the 

20 drive vohage, the optical state of the pixel changes flrom its present optical state continuously 

towards one of the two limit situations, e.g. one type of all charged particles is near the t«>p or 

near the bottom of the pfa»l. C3rey scales are obtainedby controlling the time the voltage is 

present across the pixel. 

Usually, all of flie pixels are selected line by line by siq>plying appropriate 
25 voltages to the select electrodes. The data is suppHed m parallel via the data electrodes to the 
pixels associated with the selected line. If the display is an active matrix display, the select 
electrodes will activate active elements such as TFT's, MINTs, diodes, which in turn allow 
data to be supplied to the pixeL The time required to select all the pixels of matrix 
display once is called Ae sub-fiame period. A particular pixel either receives a positive drive 
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voltage, a negative drive voltage, or a zero drive voltage during the whole sub-fiame period, 
dependent on die change in optical state requiied to be effected. A zero drive voltage should 
be applied to a pixel if no change in optical state is required to be effected 

Figures 10 and 1 1 illustrate an exemplary embodiment of a display panel 1 
5 having a first substrate 8, a second opposed substrate 9, and a plurality of picture elements 2. 
In one embodiment, the picture elements 2 might be arranged along substantially straight 
lines in a two-dimensional stmcture. In another embodiment, die picture elements 2 might be 
arranged in a honeycomb arrangement. 

An electrophoretic medium 5, having charged particles 6 in a fluid, is present 

10 between the substrates 8, 9. A first and second electrode 3, 4 are associated with each picture 
element 2 for receiving a potential difference. In the arrangement illustrated in Figure 11 , the 
first substrate 8 has for each picture element 2 a first electrode 3, and the second substrate 9 
has for each picture element 2 a second electrode 4. The charged particles 6 are able to 
occupy extreme positions near the electrodes 3, 4, and intermediate positions between the 

1 S electrodes 3, 4. Each picture element 2 has an appearance determined by the position of the 
charged particles 6 between Ifae electrodes 3, 4. 

Electrophoretic media are known per se from, for example, USS,961,804, 
US6, 1 20, 839 and US6, 1 30,774, and can be obtained firom, for exaxaple, E Ink Corporation. 
As an exan]ple, the electrophoretic medium 5 might comprise negatively charged black 

20 particles 6 in a white fluid When the charged particles 6 are in a first extreme position, i.e. 
near the first electrode 3, as a result of potential difference applied to the electrodes 3, 4 o^ 
for example, IS Volts, the appearance of the picture element 2 is for example, white in the 
case that the picture element 2 is observed firom the side of the second substrate 9. 

When the charged particles 6 are in a second extreme position, i.e. near the 

25 second electrode 4, as a result of a potential difference applied to the electrodes 3, 4 o^ for 
example, -IS Volts, the appearance of the picture element is black. When the charged 
particles 6 are in one of the intermediate positions, i.e. between the electrodes 3, 4, the 
picture element 2 has one of a plurality of intermediate appearances, for example, li^t grey, 
mid-grey and dark grey, which are grey levels between black and white. 

30 Fig ure 12 iUustr ates part. of a . typical. conventionaLrandom greyscale-transition — 

sequence using a pulse width modulated transition matrix. Between the image state n and the 
image state n+1, there is always a certain time period (dwell time) available which may be 
anything tcom a few seconds to a few minutes, dependent on different users. 
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In general, in older to generate grey scales (or intermediate colour states), a 
fiame period is defined comprising a plurality of sub-frames, and the grey scales of an image 
can be reproduced by selecting per pbcel during how many sub-frames the pbtel should 
receive which drive voltage (positive, zero, or negative). Usually, Ihe sub-frames are all of 
the same duration, but they can be selected to vary, if desired. In other words, typically grey 
scales are generated by using a fixed value drive voltage (positive, negative, or zero) and a 
variable duration of drive periods. Alternatively, variable drive voltages magnitudes could be 

qjplied to generate grey levels. 

In a display using electrophoretic fi)il, many insulating layers are present 
between Ihe ITO-electrodes, which layers become charged as a result of the potential 
differences. The charge present at the insulating layers is determinedby fte chargp initially 
present at the insulating layers and the subsequent history of tire potential differences. 
Therefore, the positions of the particles depend not only on the potential differences being 
^plied, but also on the history of the potential diflferences. As a result, significant image 
retention can occur, and the pictures subsequently bemg displayed according to image data 
differ significantly from the pictures which represent an exact representation of the image 

data. 

As slated above, grey levels in electt<^hore1ic displays are generally created 
by applying voltage pulses for specified time periods. They are strongly influenced by image 
history, dwell tnne, temperature, humidity, lateral ihhomogeneity of the electrophoretic foils, 
etc. m order to consider the complete history, driving schemes based on Ihe transition matrix 
have been proposed. In such an arrangement, a matrix look-iq. table (LUT) is required, in 
which driving signals for a greyscale transition with different image history are 
predetermmed. However, build up of remnant dc voltages after a pixel is driven fix)m one 
grey level to another is unavoidable because flie choice of the driving vohage level is 
generally based on the requirement for the grey value. The remnant dc voltages, especially 
after integration after "multiple greyscale transitions, may result in severe image retention and 
shorten tbe life of the display. 

It is therefore an object of the present invention to provide a method and 
apparatus which overcomes the problems outlined above, to reduce image retention m an 
electrophoTBtic display. 
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Jn accoidance with the present invention, there is provided a display apparatus, 

comprising: 

an electrophoretic material comprising charged particles in a flqid; 

• a plmalrty^ of picture elements; 

5 • first and second electrodes associated with each picture element for receiving a 

potential difference, said charged particles being able to occupy a position being one 
of a plurality of positions between said electrodes; and 

• drive means arranged to supply a sequence of picture potential differences in the form 
of a driving waveform for enabling said charged particles to occupy one of said 

10 positions for displaying an image, the driving waveform consisting of a sequence of 

image update signals including a picture potential difference, the image update 
signals being separated by dweU times, wfaerem one or more shaking pulses are 
generated during the dwell times. 

Also in accordance with the present invention, there is provided a method of 

1 5 driving a display apparatus, the ^paratus conqprising: 

• an electrophoretic matmal comprising charged particles in a fluid; 

• a plurality of picture elements; 

• first and second electrodes associated with each picture element for receiving a 
potential difference, said charged particles being able to occupy a position being one 

20 of a plurality of positions between said electrodes; and 

• drive means arranged to supply a sequence of picture potential differences in the form 
of a driving waveform for enabling said charged particles to occupy one of said 
positions for displaying an image, the driving waveform consisting of a sequence of 
image update signals including a picture potential difference, the image update 

25 signals being separated by dwell times; the method including the step of generating 

one or more shaking pulses during the dweU times. 

Stfll ftirther in accordance with the present invention, there is provided driving 
s^aratus for driving a display apparatus, the display apparatus comprising: 

• an electrophoretic material comprising charged particles in a fluid; 
-30 — - — • — a'plvoNiity'ofpiXitist 

« first and second electrodes associated with each picture element for receiving a 
potential difference, said charged particles being able to occupy a position being one 
of a plurality of positions between said electrodes; 
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wherein the driving ^paiatus is arranged to supply a sequence of picture potential 
differences in the form of a driving waveform for enabling said charged particles to occupy 
one of said positions for displaying an image, the driving waveform consisting of a sequence 
of hnage update signals including a picture potential difference, the image update signals 
being separated by dwell times, the driving apparatus fijrther con^rising means for 
generating one or more shaking pulses during the dwell times. 



In one aspecli Ihe one or more shaking pulses may be generated, preferably 
substantially immediately, following each image update signal. 

Each image yjgdaitt signal preferably consists of a reset pulse and a grayscale 

driving pulse. One or more shaking pulses may also be generated as part of the image update 

signal, for example, between the reset pulse and the greyscale driving pulse and/or 

substantially immediately prior to the reset pulse, as part of tiie image sequence. 

In one preferred embodiment of the inventitm, a sequence of shaking pulses 

may be generated following each image update signal, the energy of the shaking pulses, 
defined as Ihe product of (vohage magnitude) x (time), of each sequence decreasing 
progressively during the sequence, such tiiat the energy of ti»e first few pulses of tiie sequence 
is greater than fliat of Ihe final few pulses of the same sequence. 

In accordance witii a second aspect of Ihe inventiion, the one or more shaking 
pulses may comprise regular shaking pulses, which may be generated at predetermined, 
preferably substantially equi-distant, intervals along Ihe driving waveform. 

Each hnage update signal may also be immediately preceded by one or more 
shaking pulses. Means may be provided to temporarily stop generation of tiie one or more 
regular shaking pulses during an image update sequence. 

Outrge reqrcling means may be provided so as to reduce power consumption. 
Alternatively, or in addition, the apparatus may be ananged to operate in one of at least two 
modes, a first mode in which generation of the regular shakmg pulses is enabled and a second 
mode m which generation of tiie regular shaking pulses is disabled, such lhat power 

» 

consumption is reduced in the second mode relative to lhat in the first 

The term "shaking pulses" is used herein to refer to as one short voltage pulse 
or a series of short, ahemating negative and positive, voltage pulses. A shakmg pulse is a 
angle polarity voltage pulse representing an energy value sufficient to release particles at one 
of the two extreme positions but msufticient to move the particles firom one of tiie extreme 
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positions to the other extrcime position between the two electrodes. When a single shaking 
pulse is used, its polarity is preferably opposite to the first pulse of die subsequent drive 
waveform. 

These and other aspects of the invention will be ^jparent j&om, and elucidated 
with reference to, liie embodiments described hereinafker. 



Embodiments of the present invention wiU now be described by way of 
examples only and with reference to the accompanying drawings, in which: 
10 Figure 1 illustrates schematically a c^^dic rail-stabilized driving method for an 

electtophoretic display having fiyur c^tical states: white (W), light grey (G2), dark grey (Gl) 
and black (B); 

Figure 2a illustrates schematically a driving waveform generated by a known 

method; 

15 Figure 2b illustrates schematically a driving waveform generated by a method 

according to a first exemplary endxKliment of the jniesent invention; 

Figure 3 illustrates schematically a driving waveform generated by a method 
according to a second exemplary embodiment of the present invention. 

Figure 4 illustmtes schematically a driving waveform generated by a method 
20 according to a third exemplary embodiment of the present invention, in compadson with a 
driving waveform generated by a known method. 

Figure 5 illustrates schematically a driving waveform generated by a method 
according to a fourth exemplary embodiment of the present invention; 

Figure 6 illustmtes schematically a driving waveform generated by a method 
25 according to a fifth exemplary embodiment of the present invention; 

Figure 7 illustrates schematically a driving waveform genemted by a known 

method; 

Figure 8 illustrates schematically a driving waveform generated by a method 
according to a sixth exemplary embodiment of the present invention; 

30 _ _ FiguiePillustotBS^.s^^ 

according to a seventh exemplary embodiment of the present invention; 

Figure 10 is a schematic front view of a display panel according to an 
exemplary embodiment of the present invention; 

Figure 1 1 is a schematic cross-sectional view along II-II of Figure 10; and 
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Figme 1 2 illustrates part of a typical greyscale transition sequence using a 
voltage modulated transition matrix according to the prior art. 



Thus, as explained in detail above, grey levels in an electrophoretic display are 
generally created by applying voltage pulses to the electrodes of the respective picture 
elements for specified time periods. The accuracy of the greyscales in electrophoretic 
displays is strongly influenced by image history, dweU tune, temperature, humidily, lateral 
inhomogeneity of the electrophoretic foils, etc. 

It has been demonstrated that accurate grey levels can be achieved using a so- 

t 

called rail-stabilized approach. This means that the grey leveils are always achieved yia one 
of the two extreme optical states (say black or white) or "rails", irrespective of the image 
sequence itself 

In order to achieve substantially dc-balanced driving, a cyclic rail-stabilized 
greyscale concept has recently been proposed , and it is illustrated schematically in Figure 1 
of the drawings, hx this metfiod, as stated above, flie "ink" must always follow the same 
optical path between the two extreme optical states, say fiiU black or full white (i.e. the two 
rails), regardless of the image sequence, as indicated by tiie arrows in Figure 1 . In tiie 
illustrated example, the dig)lay has. four different states: black (B), dark grey (Gl), light grey 

(G2) and white (W). 

A driving me&od using a single over-reset voltage pulse has recently been 

proposed for driving an electrophoretic display, and is shown schematically in Figure 2a for 
image transitions to dark grey ftom black CB). dadc grey (Gl), Hght grey (G2) and white (W). 
The pulse sequence usually consists of four portions: a first sequence of shaking pulses, a 
reset pulse, a second sequence of shaking pulses, and a greyscale driving pulse, whereby the 
second sequence of driving pulses occurs between the reset and greyscale driving pulses. 

The reset pulse is longer tiian tiie minimum time required for switching tiie 
"inl^ ftom fiill black or white to ±e opposite rail state, tiiereby ensuring that the previous 
image is fully erased during a new hnage update. Regardless of the image update sequence, 
both the first and second sequences of shaking pulses are required to reduce dwell time and 
image history efiEects, thereby reducing the hnage retention and increasmg greyscale 
accuracy. 

However, hnage retention may still be unaccq>tably visible if the hnage 
iqidate time is Ihnited to less tiian, say, 1 second and, although such hnage retention can be 
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leducckl by the provision of a longer reset pulse and/or more shaking pulses, fhis would 
obviously increase the image update time beyond the required level. 

Thus, in accordance wilh a first aspect of the invention, a driving method is 
proposed on electrophoretic display having at least fiyur grayscale levels (hereinafier referred 
S to as **two bits greyscale") in which shaking pulses ore provided substantially immediately 
after each grayscale driving pulse. Thus, in Ihe preferred me&od, the driving pulse sequence 
will still consist of ibur portions: a first sequence of shaking pulses, a reset pulse^ a second 
sequence of shaking pulses (between Ihe reset and greyscale driving pulses) and a greyscale 
driving pulse, as described with reference to Figure 2a, but with the addition of a third 

10 sequence of shaking pulses during the dwell time immediately following the greyscale 

driving pulse. It will be apparent to aperson skilled in the art that the energy involved in the 
third sequence of shaking pulses should be sufficient to move the particles a relatively small 
distance but insufficient to move the particles over any significant distance such that visible 
optical flicker is avoided 

1 5 The third sequence of shaking pulses are beneficially applied to the whole 

display at the same time by means o:^ for example, hardware shaking, where pixels are 
provided with voltage pulses independent of the image update sequence. In this way, image 
retention can be reduced without increasing the total in:iage update time. 

In more detail, and referring to Figure 2b of the drawings, in an exemplary 

20 embodiment of the invention, an electrophoretic display has two rail states and at least two 
bits grey level, i.e. black (B), dark grey (Gl), tight grey (G2) and white (W). Fotir transitions 
to Gl state firom W, G2„ Gl and B are realised using two types of pulse sequences when the 
over-reset technique described above is used for resetting the display, with a long sequence 
being required for the transition fix>m G2 to W or Gl, and a shorter sequence being used for 

25 transitions firom Gl or B to Gl. 

In the illustrated exanople, for all types of image transitioii, each sequence 
consists of five portions, the image update sequence comprising, as before, a first sequence of 
shaking pulses^ a reset pulse, a second sequence of shaking pulses (between die reset and 
greyscale driving pulses), and a greyscale driving pulse, and a fiflh portion, comprising a 

30 ftird sequenc^^^ which, are generatedafter fhc-completion-of-an image 

update, i.e. during the dwell time inmiediately following an image update. Thus, because 
image iipdate time is influenced only by the first four portions of the sequence described 
above, it is not adversely affected by the addition of the third sequence of shaking pulses, as 
the eifect of the shaking pulse should be invisible to the user. Thus, in sunomary, tiie 



1 



PH1SIL040051EPP 



9 22.01.2004 

embodiment described with reference to Figure 2b of the drawmgs, results in a reduced 
image retention without increasing image update time (as Ae final set of shaking pulses are 

not very visible to a viewer). 

It is important to limit the visibility of optical flickers which may be caused by 
the third sequence of shaking pulses, by properly controlling the pulse time or amplitude of a 
shakmg pulse so liiat the energy involved is sufficient to move the particles a relatively small 
distance but insufficient to move the particles any significant distance. 

La accordance wtth a second exemplary embodiment of the presrait invention, 
as illustrated schematically in Figure 3, a third sequence of shaking pulses is generated 
immediately after an image update sequence, as in flie exemplary embodiment described with 
reference to Figure 2b, but in this case, fliis third sequence of shaking pulses has a variable 
amplitude or pulse length time, such that m this case, flie energy involved in die initial pulses 
in a sequence is greater than that involved in the final pulses of the sequence. Thus, the 
exemplary embodiment of the invention described wifli reference to Figure 3 of the drawings 
results in a reduced image retention without an faicrease in image update time (as the 
visibility of the final shaking pulse is still further reduced relative to that of the drive 

waveform iUustrated m Figure 2b, due to its decreashig energy). 

In accordance wife a third exemplary embodinaent of the present invention, as . 

illustrated schematically m Figure 4 of die drawings (right-hand side), die length of die reset 
pulse used m each image update sequence may be variable and proportional to die distance 
over which die ink is required to move in the vertical direction m order to effect an image 
transition. By way of clarification, die comparable drivmg waveforms generated by a known 

drivhig mediod are iUustiuted in the left-hand drawing of Figure 4. 

As an example, consider die situation where, if die image update data is pulse 

widfli modulated (PWM), a fell pulse widfli (FPW) is required to effect a transition ftom 
white to black, but only 2/3 FPW is reqmred to effect a transition from G2 to black, and only 
1/3 FPW is required to go from Gl to black. Thus, a fidl reset pulse is used in die hnage 
update sequence for die white to black transition, 2/3 of diat pulse lengdi is used in die hnage 
updato sequence for die G2 to black transition. 1/3 of dmt pulse length is used in die hnage 
jjpdaJte sequence for die Gl to black transition, and no reset pulse is used for die black to Gl 
ixansition, Le. no "over-reset" technique is used. These waveforms are usable when, for 
example, transition matrix-based mediods are used, in which previous hnages are considered 
m die determination of die energy mq>ulses (time x voltage) of pulses required for die next 
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image. In addition, these wavefonns are usable when the electrophoretic materials used in 
the display are insensitive to the image histoiy and/or dwell time. 

As shown, a Ihird sequence of shaking pulses is added to the waveform during 
the dwell time immediately following the grayscale driving pulse (or complete image update 
5 sequence). As before, because image i^xlate tinoe is influenced only by the image 
sequence as described above with reference to the first exenxplary embodiment of the 
invention, it is not adversely a^cted by the addition of the third sequence of shaking pulses 
during the dwell time inomediately following the image ipdate sequence. 

Once again, it is important to limit the visibility of optical flickers which may 
10 be caused by the third sequence of shaking pulses, by pmperly controlling the pulse time or 
amplitude of a shaking pulse so that the energy involved is sufficient to move the particles a 
relatively smaU distance but insufficient to move the particles any significant dis^ As 
before, the third sequence of shaking pulses may be beneficially applied to the whole display 
at the same time by means o^ for example, hardware siiaking, regardless of the image iqidate 
1 5 sequence. In this way, image retention can be reduced without increasing the total image 
imdate time. 

Referring to Figure 5 of the drawings, a drivuig waveform generated by a 
fourth exemplary embodiment of die present invention is sinoilar in many respects to that 
described with reference to, and illustrated schematically by. Figure 4 of the drawings. 
20 However, in this case, a different type of shaking pulse is used as the third sequence of 

shaking pulses, whereby the amplitude or pulse length time decreases over the sequence, i.e. 
the energy involved in the initial pulses of the sequence is greater than that of the final pulses 
of the sequence, as described with reference to tie second exemplary embodiment of the 
invention. 

25 In fact, total image iq)date time in req)ect of the embodiments of Figures 4 and 

5 can be further reduced relative to the embodiments described with reference to Figures 2b 
and 3. 

Referring to Figure 6 of the drawings, a driving waveform generated by a fifth 
exemplary embodiment of the present invention is similar in many respects to that described 
30 _ Tyiti^ teferggge to. and illustotedj^^ Figirre. 5,„.However, Ja lhis.case,.aJburth> — 

sequence of shaking pulses is generated during the time space between the first sequence of 
shaldng pulses and the reset pulse. By using these additional shaking pulses, the effects of 
dwell time and/or image history may be further reduced, and the resulting image is of 
increased quality with fiirth^ reduced image retention, compared with prior art methods. 
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The fourth sequence of shaking pulses may have a different format to that of the first, second 
and third sequences of shaking pulses. As a result of this embodiment, the image retention 

can be further reduced. 

In accordance with a second aspect of the present mvention, another driving 
method is proposed. As will be apparent from the above description, the inclusion of shaking 
pulses in the drivmg waveform of an electrophoretic display is a preferred element of most, if 
not all, electrophoretic display driving methods (both voltage modulated and pulse width 
modulated). These shaking pulses increase the accuracy of greyscales, remove hnage 
retention, account for dwell time and, if performed correctly, are optically invisible to lbs 
user. 

Whilst image quality is obviously a priority, there is also a need to mininaise 
image iq)date tune, especially when changing from one greyscale hnage to another. 
Currently, unage update times of 600-800 msec are achievable, depending on flie precise 
details of the driving scheme employed. However, m all drivmg schemes, a significant 
proportion of the image update thne is taken up by shakmg, as shown, for example, in Figure 
7 of the drawings, m which a sequence of shaking pulses are £«»pUed durmg the image update 
sequence immediately prior to each greyscale driving pulse required to effect each greyscale 
transition. The shakmg pulses m the illustrated wavefijnn are an mtegral part of the unage 
update sequences and should, ideally, be as long as possible, say at least 80 msec long and, 
more typically, around 160 msec, m order to achieve the best possible hnage quaUty. Thus, 
shakmg creates a significant delay m the total unage update tune. In other words, m known 
systems, there is a trade off between hnage quality and hnage update thnes, because in order 
to reduce hnage update time shakmg time must be reduced, which has an adverse effect on 
image quality. 

Thus, m accordance with the second aspect of the mvention, it is proposed to 
generate shaking pulses during the dwell times between each hnage rspdato sequence at 
intervals along die drivmg waveform, regardless of die hnage update signals. In tiiis manner, 
image quality can be significantly fanproved and/or hnage update time can be reduced. As 
e:q>lamed above, the shakmg can be made opticaUy mvisible to die user usmg, for exampl^ 
short pulses, cohmm mversion schemes, etc. When relatively short shakmg pulses are used, 
data-mdependent shakmg can be applied to die whole display wifliout visible optical flicker. 

In a first exemplary embodhnent of die second aspect of the present mvention, 

a set of shakmg pulses are ^lied at regular mtervals along the drivmg waveform, during die 
dwell times between hnage update sequences, regardless of tiie hnage update data signals. 
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whilst the "driving" shaking pulses q>plied prior to the greys cale driving pulse, ie. those 
■which fonn part of the image update sequence as shown in Figure 7, remain. This is 

m 

schematically illustrated in Figure 8 for representative driving waveforms fin- the four 
random greyiscale transitions as shown in Figure 7. It is also schematically demonstrated in 
5 Figuie 8, that the dwell times tn, tiH-i, t^fa after different greyscale transitions may be different 
from each other. 

The additional^ regular shaking pulses have the ej^ct of reducing the 

influ^ice of these dwell times, as well as increasing greyscale accuracy (i.e. image qualify). 

The addition of these regular shaking pulses further inqmves image quality as the image 

10 retention is further reduced without increasing the total image update time, relative to the . 

driving method desodbed with refer^ce to Figure 7. In other words, the adverse effects 

caused by dwell time are reduced, and an increased grey level accuracy and reduced image 

retention are achieved. 

These regular shaking pulses may be randomly positioned/timed with respect 

IS to the image update sequences, although a constant time period is preferred between two 
adjacent shaking pulse sequences, as denoted by tregoiar shake in Figure 8. Thus, the resultant 
shaking pulse sequences can occur before or after an image update sequence, and they may 
even, sometimes, fall within an image update sequence. 

The greyscale accuracy is not sensitive to the timing of these regular shaking 

20 pulses because these pulses are generally symmetric and introduce essentially little, if any, 
optical disturbance, for example, if short pulses are used. In order to reduce the probability 
of the regular shaking having an adverse influence on greyscale accuracy, the regular shaking 
can be disabled while an image is being updated, and then enabled again after the image 

update has been completed. 
25 inanalternative einbodimentof the second aspect of the present invention, the 

additional set of regular shaking pulses may be ^lied to the display, regardless of the image 
iq>date data signals, as in the embodiment described with reference to Figure 8, whilst tiie 
"driving^ shaking pulses applied prior to each greyscale driving pulse in the waveforms 
illustrated in Figures 7 and 8, are omitted, as illustrated schematically in Figure 9 for 
30L ^-gi^^^gftntativft Hrivinpr waveforms for the four jrandom greyscale. transitions-as shown-in 

Figures 7 and 8. 

Once again, the addition of the regular shaking pulses improves tiie inoage 
quality as the image retention can be reduced, (almost) witiiout increasing the total image 
update time. Similarly, these regular shaking pulses may be randomly positioned/timed with 
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t 

respect to fixe image update sequences, although a constant time period is prefened between 
two adjacent shaking pulse sequences, as denoted by t^gniar shake hi Figure 8. Thus, liie 
resultant shaking pulse sequences can occur before or after an image update sequence, and 
they may even, sometimes, fall within an image update sequence. 

The omission of the "driving" shaking pulses results in a shorter total image 
update time but the dwell effects may not be completely eliminated as the liming of the 
regular shakmg pulses is gaierally not linked to ttie image update sequences. This can be 
overcome by usmg electrophoretic material with less of a dwell time dependence. 

In one exemplary embodiment of the invention, flie timing of the regular 
diakmg pulses may be such that a large number of regular saxafcmg pulses are ^Med along 
the driving waveforms, thereby fiirther iniproving the image quality. 

Thus, in summary, the application of regular shaking pulses to driving 
waveforms for electrophoretic displays, according to the second aspect of the invention, can 
significantly improve hnage quality and/or shorten hoiage i^date time, although power 
consumption may be increased relative to loior art schemes. In order to overcome this 
problem, and reduce power cansunaption, any known charge recycling technique could be 
appUed, particularly m respect of the regular shaking pulse ftmction so as to reduce the power 
used to charge and dischaige pixel electrodes during tiie shaking pulse cycling. Anotiier 
option would be to provide multiple usage modes on tiie display device, for example, using a 
dedicated switch enabling the device to be switched between with and without regular 
shaking. For example, the regular shaking mode may be enabled when tiie device is 
connected to a network power supply, and disabled when flie device is being used as a 
potable device and is, therefore, relying on its ovra internal power si^ly- 

Note that tiie invention may be in^lemented in passive matrix as well as 
active matrix electrophoretic displays. Also, tiie mvention is ^licable to botii single and 
multiple window displays, where, for example, a typewriter mode exists. This mvention is 
also ^ypUcable to colour W-stable displays. Also, the electrode stracture is not limited. For 
example, a top/bottom electrode stracture, honeycomb structure or otiier combmed in-plane- 

switcbing and vertical switching may be used. 

Embodiments of the present invention have been described above by way of 
example only, and it will be ^»parent to a person skilled m tiie art fliat modifications and 
variations can be made to tiie described embodiments witiiout departing firom tiie scope of tiie 
mvention as defined by the ^jpended claims. Furiher, in tiie claims, any reference signs 
placed between pareatheses shall not be constiiied as Kmiting tiie claim. The term 
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^'comprising'* does not exclude the presence of elements or steps other than those listed in a 
claim. The terms or " an" does not exclude a plurality . The invention can be 
implemented by means of hardware conq[>rising several distinct elements, and by means of a 
suitably programined computer. In a device claim enumerating several means, several of 
5 these means can be embodied by one and the same item of hardware. The mere fiict that 
measures are recited in mutually dif&rent independent claims does not indicate that a 
combination of these measures cannot be used to advantage. 
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CLAIMS: 



1 . Display ^aratus (I), con^rising: 

• an electrophoietic material (5) comprising charged particles (6) in a fluid; 

• a plurality of picture elemeats (2); 

• fiorst and second electrodes (3, 4) associated with each picture element (2) for 

5 receiving a potential difference, said charged particles (6) being able to occupy a 

position being one of a plurality of positions between said electrodes (3, 4); and 

• drive means arranged to supply a sequence of picture potential differences in its fonn 
of a driving waveform for enabling said charged particles (6) to occupy one of said 
positions for displaying an image, the driving waveform consisting of a sequence of 

10 image update signals including a picture potential difference, Ihe image update 

signals being separated by dweU times, wherein one or more shaking pulses are 
generated during the dwell times. 

2. Display ^paratus(l) according to claim 1, wherein said one or more shaking 
15 pulses are generated following each image update signal. 

3. Display apparatus (1) according to clahn 2, wherein said one or more shaking 
pulses are generated substantially hnmediately following each image update signal 

20 4. Display ^paratus(l) according to claim 2 or claim 3. wherein each image 

update signal comprises a reset pulse and a greyscale driving pulse. 

5. Display apparatus (1) according to claim 4, wherein each image iqidate signal 

includes one or more shaking pulses. 



25 



6. Display apparatus (1) according to claim 5, wherein one or more shaking 

pulses are provided prior to the reset pulse of each image update signal. 
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7. Diffplay apparatus (1) according to claiin 6, wherein one or more shaking 

pulses are provided between the reset pulse and the grayscale driving pulse of each image 
update signal. 

4 

S S« Display apparatus (1) according to any one of claims 2 to 7, wherein a 

sequence of shaking pulses is generated following each image update signal, the energy of 
the shaking pulses of each sequence decreasing progressively during said sequence. 

9. Disqplay apparatus (1) according to claim 1, wherein said one or more shaking 
10 pulses comprise regular shaking pulses which are generated at predetermined intervals along 

said driving waveform. 

10. Display apparatus (1) according to claim 9, wherein said intervals are 
substantiaUy equi-distant 

15 

1 1 . Display apparatus (1) according to claim 9 or claim 10, further including 
charge recycling means within a power supply used to generate said regular shaking pulses. 

12. Display apparatus (1) according to any one of claims 9 to 11, coinprising 

20 means for temporarily preventing said regular shaking pulses fit>m being generated during an 
image update sequence, and recommencing generation of said regular shaking pulses after 
the image update sequence has been completed, 

13. Display apparatus (1) according to any one of claims 9 to 12, arranged and 

2S configured to operate in one of at least two modes, and further including means for switching 
between said two modes. 

14. Display apparatus (1) according to claim 13, arranged and configured to 
operate in one of a first mode, in which generation of said regular shaking pulses is enabled, 

30 . and a secondmode , in which ^eneration.i)J:jsaidjregular^^ 

15. A meflKxl of driving a display apparatus (1), the q^paratus comprising: 

• an electrophoretic material (5) comprising charged particles (6) in a fluid; 

• a plurality of picture elements (2); 
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• fest and second electrodes (3, 4) associated with each picture element (2) for 
receiving a potential difference, said charged particles (6) being able to occiqjy a 
position being one of a pluraUty of positions between said eleclrodes (3, 4); and 

. drive means arranged to supply a sequence of picture potential difBsrences in the 
5 form ofa driving waveform for enabling said charged particles (6) to occupy one of 

said positions fer displaying an image, the driving waveform consisting ofa sequence 
of image update signals including a picture potwitial difference, fte image update 
signals being separated by dwell times; 
the method inchiding the step of generating one or more shaking pulses during the dwell 

10 times. ' 

16. Driving ^aratus for driving a display apparatus (1), the di^lay ai>^^ 

comprising: 

• an electrophoretic (5) material comprising charged particles (2) in a fluid; 

15 • a plurality of picture elements (2); 

• first and second eleclrodes (3, 4) associated with each picture element (2) for 
receiving a potential difference, said charged particles being able to occupy a position 

being one of a plurality of positions between said electrodes (3, 4); and 
wherein die driving apparatus is arranged to supply a sequence of picture potential 

20 differences in the form of a driving waveform for enaibling said charged particles (6) to 

occupy one of said positions for displaying an image, the drivhig waveform consisting ofa 
sequence of image iq)date signals includmg a picture potential difference, die image update 
signals bemg separatedby dweU times, the driving ^aratus further comprising means for 
generating one or more shaking pulses during the dweU times. 
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ABSTRACT: 



Ab electrophoietic display, in which a driving method is employed whereby a 
sequence of discrete picture potential differences in the form of a driving waveform is 
supplied for enabling the charged particles (6) of the display to occupy a position for 
displaying an image, the position being one of a number of positions between the electrodes 
5 (3, 4). The driving waveform consists of a sequence of image update signals including a 
picture potential difference, the image update signals being separated by dwell times, and the 
method includes the step of generating one or more shaking pulses during the dwell times. 
Such ffi^aTritig pulses may be generated immediately after each image update signal or they 
may comprise regular shaking pulses genemted at predetermined intervals along the 
10 waveform. 

[Figure 3, 9] 
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